Abstract-This paper describes a new method for reconstructing the polarity of the interplanetary magnetic field. The technique is based on the Svalgaard-Mansurov effect. We ause geomagnetic data of high latitude stations with a long observation period, including the presatellite era. This method is designed to improve the quality and accuracy of reconstructed polarity, complementing the results of previous methods of Svalgaard (1975) and Vennerström et al. (2001) . For the large presatellite period from 1926, the accuracy of the method is estimated to be around 89% of overlaps with the interplanetary magnetic field polarity determined from sat ellite data.
INTRODUCTION
It is known that the interplanetary magnetic field (IMF) of different polarity (from or to the Sun) causes opposite variations in the geomagnetic field at near polar stations. This is the so called Svalgaard-Man surov effect discovered by Svalgaard (1968) and Man surov (1969) . It was soon found (Friis Christensen and Wilhjelm, 1975 ) that these variations are caused by the DPY ionospheric current system, located near cusp latitudes (~75-80°). This made it possible to obtain data (with some error) on the IMF polarity without the use of satellites. The first techniques for the reconstruction of polarity were developed by the authors of that discovery (Svalgaard, 1975; Mansurov, 1984) . The Svalgaard catalog is of great scientific interest because it covers an earlier period, operating with data from 1926 (through the use of the Godhavn subauroral station in the technique). At the same time, as noted in (Russell and Rosenberg, 1974) , the results of polarity reconstructions by the Svalgaard technique depend on the level of geomagnetic activity: more dis turbed days were predominantly specified as days of negative polarity. Also taking into consideration that the accuracy of these results is sufficiently high (around 82% of overlaps according to (Wilcox et al., 1975) ), the Svalgaard catalog requires verification. Another catalog of the IMF polarity over a long pre satellite period was presented in (Vennerström et al., 2001) . These results have a relatively high accuracy and are independent of the level of geomagnetic activ ity. However, in this paper, our aim is not to compare these catalogs. In case of a discrepancy between them, one cannot exactly prove which of the catalogs is more reliable because the accuracy estimates were obtained on the basis of current data and can be insufficiently valid for the presatellite period. Our aim is to compile a new catalog on the basis of a new technique. Thus, three variants (obtained by three different techniques) will provide one with much more confidence in mak ing conclusions about the presence of one or the other IMF polarity on a given day.
DATA
A list of the stations used is shown in Table 1 . Also, this table shows the geomagnetic latitude and time of operation of each station. These stations are mostly characterized by a rather long period of observations in the presatellite era of interest to us, i.e., until 1965. All numerical data were taken from the website of the World Data Center for Geomagnetism, Kyoto (http://wdc.kugi.kyoto u.ac.jp/). The results of polar ity reconstructions are verified using satellite data on IMF components in the GSE system based on the OMNI NSSDC database (http://omniweb.gsfc.nasa.gov/).
DETERMINATION OF THE DIURNAL CURVE
The selection of geomagnetic field variations is based on the calculation of the "zero" level. In our case, to determine the average daily polarity, we should find a 24 h diurnal curve of the geomagnetic field cor responding to zero values of B YGSM , i.e., with no Sval gaard-Mansurov effect. A diurnal curve calculated by averaging over some time interval reflects the diurnal variation in the geomagnetic field accordingly under certain average conditions. In reality, these conditions constantly vary, and the "zero" level should vary with them. The main parameters that influence the inten sity and configuration of ionospheric current systems are taken to be the Z and Y components of the IMF in the GSM system of coordinates and the solar wind velocity (V SW ). Figure 1 shows the averaged (over 1966-2005) diurnal curves for |Вy| < 2 nT and at different levels of Вz and V SW . The first condition provides the corre spondence to the average value By~ 0 and, therefore, to the "zero" level. One can see that the resulting curves differ significantly; therefore, the polarity obtained with their help can be opposite. In this case, the diurnal curve under disturbed conditions takes a harmonic form. For the Godhavn station, as noted in (Svalgaard, 1975) , this is caused by the expansion of the polar cap into the low latitudes and, as a conse quence, by an increased influence of Sqp currents on the field at lower latitudes. Other stations are also characterized by this difference; however, the differ ence is most expressed at stations that are located far away from the polar cap. Thus, the diurnal curve needs to be determined differently, depending on the above mentioned parameters.
For the presatellite era, the values of Bz and the solar wind velocity are unknown, and the only way to evaluate them is to consider the level of geomagnetic activity or, alternatively, the indices of global geomag netic activity. We need an index calculated over a long period of time; therefore, we use the aa index (calcu lated according to the data of two antipodal stations at geomagnetic latitudes of 50°), which has been recorded since 1868.
There is some dependence of the aa index on the Вz and V SW values. In view of this, if these parameters are split with respect to the levels of the aa index (for example, from 0 to 20, from 20 to 40, etc.), their aver age values will be different at each level. For the By component, because there is no correlation with the given index, we will always obtain an average value of 0 nT. Now, if we do the same for the geomagnetic field components, we will similarly obtain values correspond ing to By = 0 and different combinations |Bz × V SW |.
The technique for determining the "zero level" diur nal curve by our method can be divided into four stages:
-For each hour of universal time (UT), we select values of the geomagnetic field within the range of ±L ST, M days from a given day. We obtain 24 vectors consisting of (2L ST, M + 1) elements. 〈H -
UT, h -In each vector, we select values that are observed for aa values in the range [аa x,h ± aa ST,M ] , where аа x,h is the value of the aa index on the given day (х) for the given hour (h).
-We calculate the average value of each filtered vector and obtain a set of 24 elements.
-The resulting diurnal curve is smoothed 1 to eliminate spikes (we assume a relatively slow change in ionospheric current systems).
Thus, the resulting diurnal curve is dynamically changed, depending on the level of geomagnetic activ ity. Here, we used two parameters: L ST, M and аа ST, M . They were selected for each station (ST) and each month (М) separately for the horizontal and vertical components of the field. The selection was accomplished in such a way that the quality of the reconstruction of pos itive and negative polarities of the IMF for the period from 1965 to 2005 as a whole was almost the same.
An example of the resulting diurnal curve for the Godhavn station is shown in Fig. 2 . As expected, for large aa values, the diurnal curve takes a harmonic form (there is no positive jump in the afternoon period), while in the remaining time the curve has a quiet diurnal form.
SIGNIFICANCE OF DIURNAL VARIATIONS
The required variations caused by DPY currents and characterizing the By component of the IMF are obtained by simply subtracting the resulting diurnal curve from the observed values of the geomagnetic field. It is known that the amplitude of variations in the Svalgaard-Mansurov effect is inconstant during the day, and, moreover, it varies during the year from sea son to season (like ionospheric conductivity). There fore, it is necessary to exclude from consideration periods when the effect is weakly expressed and cannot be distinguished from variations of different types.
To find out how the amplitude of the effect varies during the year, we use the following simple technique. We find the diurnal curves of the given geomagnetic field components by the superposed epoch method sepa rately for periods of positive and negative By. Then, we compute the difference between these curves. The resulting vector of 24 elements is the average amplitude of the Svalgaard-Mansurov effect on a given day of the year. For the entire year, we obtain a 365 × 24 matrix of numbers. Repeating this operation for the remaining years, we find the matrix of the effect's amplitude aver aged over the period . An example of the results obtained for the horizontal and vertical compo nents of the geomagnetic field is shown in Fig. 3a .
For the Thule station, we see that the areas of max imum amplitudes are in the near midday range in summer, where the intensity of DPY currents is at a maximum level. The effect is positive in the horizontal component and negative in the vertical one. A similar temporal distribution of the effect's amplitude is char acteristic of all polar and subpolar stations. For subau roral stations, the pattern becomes complicated, because they are located far away from the DPY cur rent system and the geomagnetic field is strongly influ enced here by the medium and low latitude current systems. In any case, the resulting diagrams reflect the response of the geomagnetic field to the opposite polarity of the IMF azimuthal component and, there fore, can be used to select just those intervals where field variations are really caused by the different polar ity of the IMF. We specify the reliability of the IMF polarity reconstruction for each hour by introducing weight coefficients. We use a sigmoid weight function. Due to this, areas where the effect has a low amplitude will have almost zero weight coefficients and will thus be disregarded. In Fig. 3b , CM is the value of the amplitude of the Svalgaard-Mansurov effect. If the variations caused by DPY currents have the same sign as the By polarity, the weights are within the interval [0, 1]; otherwise, they are within [-1, 0] . This means that the sign of variations will coincide with the sign of the IMF polarity. Figure 3c shows the distribution of the weights for the Thule station.
POLARITY CALCULATIONS
The final calculation of the required variations in the Svalgaard-Mansurov effect can be represented by the following formula: (1) The average daily polarity of the IMF remains constant most of the time within a few days of the pas sage of the IMF sector.
(2) The sector structure of the IMF varies slightly during several solar periods.
(3) Larger P d values are more likely to reflect the real By sign.
The reconstructed P d polarity matches a 27 day Bartels diagram: the values following this 27 day inter val turn out to be in one column. The rotation period of the IMF sector structure is around 27 days; if the first two propositions are satisfied, the polarity in each cell is largely associated with the polarity of cells in adjacent rows and columns. The third proposition makes it possible to check days with small Р d values and correct them if there is a discrepancy between the polarities of adjacent days. We specify a 5 × 5 window with a set of weight coefficients showing the probabil ity that an element of the window is located in the same sector of the IMF polarity as the central cell. Due to the domination of the 27 day period, the weight coefficients of the central column must be the largest and will decrease with increasing distance from it (this can be given by a simple linear function) (Fig. 4a) . The window size and weight were selected in such a way that the overall accuracy of the reconstructed polarity increases after smoothing as much as possible.
The smoothing technique itself is a comparison of the P x, y ,y value at the central cell of the window (х and у are the coordinates of the Bartels diagram) with a weighted sum of neighboring cells S x, y , normalized to the sum of weight coefficients W i, k . If S х, у is greater in magnitude than the P x, y value, the latter changes its sign; otherwise, it remains the same.
An example of smoothing for 2000-2003 is shown in Fig. 4 . It can be seen that the large scale structure of the IMF polarity becomes more pronounced and sin gular fluctuations in polarity P d disappear. This tech nique makes it possible to increase the accuracy of the method by an average of 5% (to a greater extent, for stations with a weak Svalgaard-Mansurov effect and, to a lesser extent, for polar stations). Here, the tech nique does not lead to excessive recalculations of any polarity. Thus, we found the P d values for all days in the period from 1905 to 2005. Later, their amplitude loses its importance and only the signs are used. Actually, we will analyze a binary set of values ±1. Our results con tain no "mixed polarity" or, otherwise, null values, because the method itself eliminates this possibility: even if the P d values are very small, they are adjusted by smoothing.
ACCURACY OF THE METHOD
Let us assess the efficiency of this method. In this paper, we reconstruct the IMF polarity (the field direction to the Sun or away from it along the Parker spiral), which is determined in the geocentric solarequatorial coordinate system (GSEQ) (the X axis is the Earth-Sun, the Y axis is in the helioequator plane). The Earth's dipole axis is tilted relative to the helioequator, and the angle between them varies dur ing the year, reaching 40°. If the IMF is not directed along the Parker spiral, the sign of the azimuthal com ponent in the GSM and GSEQ systems may vary. Therefore, the polarity reconstructed with the help of the Svalgaard-Mansurov effect cannot always coin cide with the real polarity of the IMF. According to (Russell and Rosenberg, 1974) , the accuracy of the IMF polarity is limited when only ground based data are used. To this end, the sign of the Y component of the IMF in GSM was compared with the polarity in the GSEQ system. The latter was found to be positive for B YGSEQ > B XGSEQ and negative for B YGSEQ < B XGSEQ ; i.e., along the spiral at an angle of 45°. The results obtained by Rosenberg for 1966-1968 for values averaged over different intervals are shown in Table 2 . We conducted similar calculations, but for a longer period (from 1965 to 2010). To find the moving aver
ages, we use only those intervals where more than half of the data were available.
Thus, when considering average daily values, the IMF polarity in the GSEQ coordinate system almost always coincides with the sign of the azimuthal com ponent in the GSM system; i.e., on average, we actu ally need one day to reconstruct the IMF polarity.
As an estimate of the accuracy of the method, we accept the ratio of the number of days when the recon structed polarity coincides with the diurnal polarity derived from satellite data and determined as described above to the total number of days. The results are shown in Table 3 , where the sets of stations used in the final catalog of polarity are marked in bold. In analyzing the accuracy, we disregard areas of "mixed" polarity (B XGSEQ > 0 B YGSEQ >0 and B XGSEQ < 0 B YGSEQ < 0). The field in them is highly deviated from the direction of the Parker spiral and is more likely associated with the passage of the sector boundary (heliospheric current sheet) or with areas of sporadic disturbances. We note that the accuracy of reconstruc tions of positive polarity is almost equal to that of neg ative polarity and the difference between these values is no more than 2%. Thus, the probability of choosing a particular polarity is almost the same, and there is no excessive determination rate of one polarity over another.
Following the intensity of the DPY current system, the accuracy of the method is changed during the year, because the larger the amplitude of Svalgaard-Man surov variations, the easier their selection and, accord ingly, the more accurate the reconstruction of polarity. Figure 5a shows the averaged (over each month) values for two combinations of stations. The first one includes Lerwick, Godhavn, Sitka, and Sodankyla (all available since 1926), as well as all stations in the Northern Hemisphere; therefore, the accuracy in the "summer" months increases. The second one is a combination of all stations (all available from 1957 to 1985), including the Vostok and Mirny stations in the Southern Hemisphere. In this case, the accuracy of the method is almost constant throughout the year.
The overall accuracy of the method also changes from year to year. Particularly, as it can be seen from Fig. 5b , sometimes the accuracy decreases sharply. Local minima of the aa index largely coincide with the reduction in the accuracy of the method. This is caused by a decreased intensity of ionospheric current systems (a reduction in the average annual geomag netic activity); therefore, it is difficult to highlight the Svalgaard-Mansurov effect. In turn, global geomag netic activity decreases during periods of minimum solar activity. Therefore, it can be assumed that in the presatellite era, during minimum solar activity peri ods, the efficiency of IMF polarity reconstructions may decline. In general, with an increase in geomag netic activity, the accuracy of polarity reconstructions increases, except for a small number of days with very high values of the index.
GEOEFFICIENCY OF THE RECONSTRUCTURED IMF POLARITY
We consider the well known Russell-McPherron effect (Russell and McPherron, 1973) , describing the six month wave of geomagnetic activity. We divide the аa indices into two groups according to the sign of the shows the average monthly (over the period values of the aa index. We again check the geoefficiency of the recon structed polarity, separately considering the average annual values of the aa index for different sectors. According to satellite data, these values must be the same. As mentioned earlier, the Svalgaard method determines the sectors of negative polarity on most days of increased geomagnetic activity. In line with the results obtained by Vennerström, our study yields that the geoefficiency of sectors in the presatellite era is almost the same (Fig. 6b) . Thus, the IMF sector struc ture reconstructed by our method involves a six month wave of geomagnetic activity (the RussellMcPherron effect) and is characterized by equal levels of average annual geoefficiency on positive and nega tive polarity days.
CONCLUSIONS
In the present paper, we propose a new technique for the reconstruction of the average daily IMF polar ity. The results were obtained for the period. During the 1905-1913 period, the accuracy of the method should be around 77% of correct results, as calculated on the basis of current data. In the presatel lite periods of 1914-1925, 1926-1946, 1947-1957, and 1958-1965 , the accuracy is estimated to be 78, 89, 91, and 94%, respectively. The accuracy of the recon struction of negative and positive polarity is almost the same; i.e., calculations do not favor one polarity over another. Our results were obtained by using com pletely different methods. They demonstrate high lev els of accuracy (similar to that obtained by Venner ström) and consistency with the laws of geoefficiency of polarity sectors. 
